Introduction
In the last two decades, we have seen an enormous increase in the number of studies showing that female birds may adjust both the primary and the secondary sex ratio of their clutches, some of which providing convincing evidence for adaptive modi®cation (reviewed in Sheldon, 1998; Bensch, 1999; Lessells & Quinn, 1999) . This outburst in the study of offspring sex ratio in birds has been accelerated by the advent of molecular sexing techniques (e.g. Ellegren & Sheldon, 1997; Grif®ths et al., 1998; Quinn, 1999) and the generalization of current theory and new perspectives on adaptive sex allocation (e.g. Sheldon, 1998; Lessells & Quinn, 1999) . Theory commonly relies on differences in the reproductive value of each offspring sex when the relative ®tness of sons and daughters varies differentially with their condition or some other variable (Trivers & Willard, 1973; Werren & Charnov, 1978; Charnov, 1982; Aparicio & Cordero, 2001 ). If prevailing ecological or social circumstances differentially in¯uence the ®tness bene®ts of offspring of each sex, parents should adjust their production accordingly to maximize ®tness, for example, through sex-differential parental investment in offspring. Several factors could differentially affect the reproductive value of sons and daughters, inducing sex-skewed resource allocation (e.g. Clutton-Brock et al., 1985; Godfray & Werren, 1996; Bensch, 1999; Kruuk et al., 1999) . For example, in some bird species hatching date affects age at ®rst breeding in a sex more than in the other, with consequences for subsequent ®tness (Dijkstra et al., 1990; Zijlstra et al., 1992; Daan et al., 1996) . Thus, adjusting sex ratio relative to breeding dates may be an adaptive mechanism that maximizes ®tness in these species (Dijkstra et al., 1990; Daan et al., 1996; Tella et al., 1996; Smallwood & Smallwood, 1998; Pen et al., 1999) .
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Abstract
We investigated possible pre-hatching mechanisms of sex-differential investment by females that may contribute to offspring sex-ratio adjustment enhancing the ®tness return from reproductive effort in the spotless starling (Sturnus unicolor). We found a seasonal shift in sex ratio from daughters to sons as the season advances. Furthermore, the probability of breeding at 1-year old and recruitment into the breeding population in daughters is associated with laying date but not with mass at¯edging. The reverse is true for males which rarely bred at 1-year old. We also found that eggs containing female embryos are signi®cantly heavier than those containing males in spite of the slight sexual dimorphism in favour of males. This suggests maternal control of provisioning, favouring daughters that may balance sibling mortality and competition with their brothers. Our results on seasonal variation in sex ratio and differential egg provisioning are consistent with an adaptive tactic in which mothers increase their reproductive return by enhancing the probability that daughters survive and breed in their ®rst year of life.
Although there are convincing examples of adaptive adjustment of primary sex ratio (e.g. Komdeur et al., 1997) , secondary sex-ratio adjustments are more frequently reported but not all have been interpreted as adaptations (Bensch, 1999; Lessells & Quinn, 1999) . Secondarily biased sex ratios may result from differential mortality associated with variance in the costs of rearing males and females (e.g. Howe, 1977; Slagsvold et al., 1986; Weatherhead & Theather, 1991; Torres & Drummond, 1999) , and with intra-brood variation in parental investment and sibling competition (e.g. Bortolotti, 1986; Dijkstra et al., 1990; Bednarz & Hayden, 1991; Olsen & Cockburn, 1991; Leroux & Bretagnolle, 1996) . Recently some studies have shown that differential investment can arise at the level of egg formation (Mead et al., 1987; Anderson et al., 1997; Cordero et al., 2000) . Females able to provision male and female eggs differentially could be strategically skewing secondary sex ratio (e.g. Mead et al., 1987; Cordero et al., 2000) . This could occur if differences in egg provisioning confer ®tness advantages to the offspring coming from relatively larger eggs in the clutch (e.g. Nilsson & Svensson, 1993; Blomqvist et al., 1997; Smith & Bruun, 1998; Styrsky et al., 1999) . Hence, egg sexual dimorphism may be an adaptive means by which a female balances nestling mortality differences between sexes by producing betterprovisioned eggs for the smaller disadvantaged sex (Anderson et al., 1997) , or simply favours the offspring with higher reproductive return (Cordero et al., 2000) .
Here, we investigate sex differences in egg mass and patterns of sex ratio variation in relation to laying date and laying sequence in ®rst clutches of the spotless starling (Sturnus unicolor). We also examined patterns of recruitment and age of ®rst reproduction in relation to sex, date of laying and body condition of progeny to see whether those variables have differential effects on the reproductive return of the two sexes. On the basis of these effects, we test whether the patterns of sex ratio observed are consistent with differential reproductive value in male and female offspring.
Methods
The spotless starling is a medium-sized, hole-nesting, and facultatively polygynous Passerine in which, each male may mate with as many as ®ve different females simultaneously (Moreno et al., 1999 ; J.P. Veiga, J. Moreno, P.J. Cordero & E. Minguez, unpublished observation) . It is highly philopatric and relatively long-lived [80% of males are still breeding after 5 years of monitoring the Villalba population (J.P. Veiga, unpublished observation)]. Adult males defend as many nest boxes as they can, monopolizing the available nest sites year after year and obstructing the recruitment of less competitive individuals into the population (J.P. Veiga, J.M. Moreno, P.J. Cordero & E. Minguez, unpublished observation) . Sexual size dimorphism is not large, adult males being about 6% heavier and having wings about 3% longer than adult females (data obtained from 40 adult breeding pairs at Villalba).
First clutches were studied between the end of March and mid-May in 1997 in the Manzanares population, where 60 nest boxes were provided in 1995. The habitat of this area is ash (Fraxinus angustifolius) and oak (Quercus pyrenaica)`dehesa' (pastureland with scattered trees). Nest boxes were inspected daily to determine the precise sequence of laying. Eggs were numbered with indelible ink, and weighed to the nearest 0.1 g with a 10-g Pesola balance on the day they were laid. Fresh egg mass can be considered a good estimate of amount of egg nutrients (e.g. Parsons, 1970; Ricklefs & Marks, 1983; Bancroft, 1984; Bolton et al., 1992; Janiga, 1996) . The eggs of ®rst breeding attempts were removed in mid-incubation as part of an experiment on re-mating (J. Vin Ä uela, E. Minguez & J.P. Veiga, unpublished observation). They were frozen and the embryos subsequently transferred to ethanol and stored at ±20°C.
For the assessment of patterns of breeding and recruitment (individuals born and subsequently detected in the following years in the population and not necessarily breeders), we used data from Villalba population, where a long-term study of breeding ecology has been carried out since 1995 (see, e.g. Moreno et al., 1999 ; for description of this population). For comparison between clutches, we calculated the relative egg mass as egg mass minus the clutch mean. The variable obtained in this way is normally distributed and represent intraclutch variation. To control any confounding variables, we performed paired t-tests between average size of male and female eggs within clutches. We used ANOVA ANOVA to analyse variation in egg mass in relation to laying sequence and embryo sex. Because of clutch size variation, we divided laying sequence into three categories 1: ®rst egg laid, 2: middle eggs, and 3: last egg laid. The mean egg masses of all eggs in each laying sequence and sex category were used in the analyses. In the ANOVA ANOVAs, we checked that the residuals of the dependent variables were normally distributed and the variances were equal in different groups. Because data relative to individual siblings are not independent, we included broods (not nestlings) whenever it was possible, for example, when seasonal trends in sex ratio was analysed. In other analyses in which data relative to individual eggs or nestling were introduced as dependent variable, family was included as a categorical independent factor. We used logistic regression to analyse variation in sex ratio (the proportion of males in a clutch) in relation to clutch laying date, and within-clutch sequence of egg laying. Statistical analyses were conducted using SPSS (version 6.0) and, for logistic regression, GLIM (Crawley, 1993) .
Sex was determined by polymerase chain reaction (PCR) ampli®cation of two homologous genes (CHD1-W and CHD1-Z) following Grif®ths et al. (1998) protocol with certain modi®cations. For example, we used an alternative PCR cycling in a total of 10 microlitre reaction: an initial denaturing step of 94°C for 4¢ 30 followed by 40 cycles of 94°C´30¢¢, 49°C´45¢¢ and 72°C´45¢¢, ending with an additional extension of 72°C´5¢. This PCR protocol yielded our optimal visualization of bands on 3% agarose gels. This technique has been tested using blood from >40 adult spotless starling of known sex from Villaba population and all were accurately sexed by this method (P.J. Cordero, unpublished observation). Sex identi®cation was unambiguously validated in all cases and all recaptures in the Villalba population con®rmed this validation. All eggs that were collected from the ®eld were sexed with the exception of those in which no embryo had developed and were presumed to be infertile (11 eggs from ten clutches). Molecular determination of sex was carried out by P.J.C. who was blind to the origin of the individual DNA samples.
Results

Variation in sex ratio in relation to laying date and sequence
Sex ratio overall did not differ signi®cantly from equality (Binomial test, P 0.9), but the proportion of males in a clutch increased with the advance of the breeding season (logistic regression: DDev: 7.16, d.f. 1, n 41 broods, P 0.01, Fig. 1 ). Sex ratio of the eggs did not signi®-cantly vary with laying sequence when considering the three laying order categories (logistic regression: DDev: 1.11 0.01, d.f. 1, n 123, P 0.29). The interaction analysis when considering all data with respect to sex and laying sequence was nearly signi®cant (DDev: 3.00, d.f. 1, n 123, P 0.08).
Offspring return and age of ®rst breeding
We analysed the probability of recruitment to the breeding population of both male and female offspring, in relation to the date their mothers laid the eggs from which they hatched and their mass at¯edging and their laying date. The probability of recruitment for male offspring increased markedly with their mass at¯edging, but it was independent of the date of laying (Table 1) . In contrast, the probability of female recruits was independent of mass at¯edging, and there was a statistical signi®cant effect of laying date (Table 1) . Analysing recruitment of both sexes together, the interaction between mass at¯edging and sex was signi®cant (logistic regression: DDev: 7.73, d.f. 1, P 0.005) but not between laying date and sex (DDev: 0.66, d.f. 1, P 0.41). The probability of an offspring breeding as a yearling depended on its sex (logistic regression: DDev: 10.16, d.f. 1, n 148 broods, P 0.001). Females normally bred as yearlings (mean age of ®rst breeding:
1.17 0.17 SE, n 6), whereas males generally took one more year to breed for ®rst time (2.00 0.41, n 4). The probability of females breeding in their ®rst year was dependent on laying date (logistic regression coef. ±0.04, DDev: 4.28, d.f. 1, n 126, P 0.04) but not on their mass at¯edging (DDev: 2.84, d.f. 1, n 126, P 0.09). The negative coef®cient indicates that the probability of breeding at 1-year old is highest for daughters¯edged earliest in the year and declined progressively with date. This analysis was not performed for male because only one male bred at 1 year. Including both sexes in the analysis of the probability of breeding at 1-year old, we found that the interaction between laying date and sex was signi®cant (DDev: 4.89, d.f. 1, P 0.03) but not between mass at¯edging and sex (DDev: 0.13, d.f. 1, P 0.72), indicating sex differences in the effect of laying date on the probability of breeding at 1 year.
Sex differences in egg mass
Within clutches, eggs containing female embryos (mean SE: 7.66 0.11 g) were signi®cantly heavier than those containing males within a clutch (7.48 0.11; paired t-test: t 2.49, d.f. 33, P 0.018). The difference Fig. 1 The proportion of males in a clutch in relation to laying date (l 1 April). Sample sizes are the number of broods. Table 1 Effect of laying date and mass at¯edging on the probability of local recruitment of male and female offspring (Broods analysed with at least one male, n 140; with at least one female, n 126). Seasonal sex ratio trends and egg dimorphism 831 in mean egg mass between brothers and sisters was independent of laying date of the ®rst egg in the clutch (r s 0.02, n 34, P 0.91). To discriminate the effects of laying order and sex of the embryo, we performed a two-way ANOVA ANOVA and found signi®cant effects of both factors (laying order: F 2,156 12.07, P < 0.001; sex: F 1,156 5.93, P 0.016; Fig. 2 ). Female eggs were heavier than male eggs, and these differences were independent of laying sequence because the interaction between sex and laying order was not signi®cant (F 2,156 0.34, P 0.71; Fig. 2 ).
Discussion
We found a seasonal variation of sex ratio bias in ®rst clutches of the spotless starling with an increasing proportion of sons as the season advance (Fig. 1) . Several studies have also shown variation in sex ratio with laying. For example, in the Eurasian kestrel (Falco tinnunculus, Dijkstra et al., 1990) and in some populations of American kestrel (Falco sparverius paulus, Smallwood & Smallwood, 1998) and lesser kestrel (Falco naumanni, Tella et al., 1996) sex ratios are skewed towards sons early in the season. In contrast, in the marsh harrier (Circus aeruginosus), the skew is towards females (Zijlstra et al., 1992) . In all these examples early breeders favoured the sex for which a good start in life has the largest effect on the offspring's prospect of breeding at 1-year old (reviewed in Daan et al., 1996; Smallwood & Smallwood, 1998) . The case of the spotless starling may be interpreted in a similar context with the female probability of breeding in the ®rst year depending on laying date. In contrast, sons do not normally breed as yearlings and their recruitment prospects depend mainly on body mass at¯edging and not laying date.
Furthermore, we found differences in egg mass of the spotless starling in relation to the sex of the embryo.
Differences between eggs bearing sons and daughters have also been found in the white crowned sparrow (Zonotrichia leucophrys oriantha) (Mead et al., 1987) , the American kestrel (Falco sparverius sparverius) (Anderson et al., 1997) and the house sparrow (Passer domesticus) (Cordero et al., 2000) (see however, Weatherhead, 1985; Leblanc, 1987; Teather, 1989) . These examples suggest that mothers may be able to identify the sex of ova and allocate resources accordingly, at least in certain species or populations. In these species, eggs producing males were heavier than eggs producing females (Mead et al., 1987; Anderson et al., 1997; Cordero et al., 2000) whereas the contrary was found in the spotless starling: eggs producing females were heavier. The proximate mechanism that determines this egg size difference is not known (see Mead et al., 1987; Anderson et al., 1997) . However, there is experimental evidence showing that females can control allocation to ova in the amount of nutritients (Cunningham & Russell, 2000) or hormones (e.g. Gil et al., 1999) in relation to their mate's sexual attractiveness.
The sexual dimorphism in egg mass of the spotless starling cannot be associated with ®nal discrepancies in size between the sexes because females are slightly smaller than males whereas eggs bearing female embryos are heavier than those containing males. Several studies have shown that larger eggs give rise to heavier hatchlings that may give them an initial advantage over siblings and may lead to increased survival and recruitment (Howe, 1976; Nilsson & Svensson, 1993; Williams, 1994; Blomqvist et al., 1997; Vin Ä uela, 1997; Smith & Bruun, 1998; Styrsky et al., 1999) . Thus, differential egg provisioning towards one sex could facilitate or inhibit (in cases of size sexual dimorphism) differential nestling mortality. For example, in the American kestrel, in which females are heavier than males, larger male egg size is interpreted as an adaptive compensation favouring nestling males in sibling competition with their sisters because in¯uence of sibling egg size ratios on post-natal size relationships persisted through the nesting period (Anderson et al., 1997) . This explanation may also be valid in our study of spotless starlings as the smaller sex (the female) is also favoured in the pre-hatching phase. Thus, sexual differences in egg size of these species may be viewed as a means for balancing sibling competition in which the less competitive sex may be compensated. Nevertheless, there is no experimental evidence that these small egg sex differences in size/nutruients could enhance later survival in the spotless starling.
In summary by laying early in the season and by managing egg provisioning according to sex, mothers follow an adaptive tactic that may contribute to balance sibling mortality among sexes and enhance an earlier breeding in the ®rst year of life favouring daughters, the sex for which a good start in life has the largest effect on the prospect of breeding at 1-year old. 
